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cardiac tumors are unusual and cardiac malignancy, usu-
ally sarcoma, is a very small subset of these. The litera-
ure on cardiac sarcomas of the left heart often exhibited
ultiple operations for local recurrence, which we believed
as related to inadequate resection, likely exacerbated by
oor anatomic exposure of the posterior heart for complex
esection and reconstruction. Since November 1998, we
ave approached large complex sarcoma of the left atrium or
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oi:10.1053/j.optechstcvs.2010.03.002eft ventricle using the technique of cardiac explantation,
x vivo tumor resection, and cardiac reconstruction and re-
mplantation of the heart—cardiac autotransplantation. This
llows complete exposure of left heart structures for aggres-
ive resection and accurate reconstruction, permitting the
emoval if necessary of the entire left atrium and good expo-
ure for removal of intracavitary left ventricular tumors. This
echnique has also been applied to large complex benign left
trial tumors such as giant myxoma and paraganglioma. We
ave had only one local recurrence and no mortality when
nly cardiac autotransplantation was necessary in 19 pa-
ients. When pneumonectomy was required in addition to
ardiac autotransplantation, the mortality was 57% (4/7
atients). Pneumonectomy is usually required due to com-
lete involvement of the pulmonary veins and should be
arefully looked for in the preoperative evaluation and
onsidered a contraindication for surgery except in ex-
reme circumstances.1-12
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148 S.H. Blackmon and M.J. ReardonOperative TechniqueFigure 1 The patient is positioned on the operating table
opened and suspended to form a pericardial cradle onsupine for a standard median sternotomy. The pericardium is
the right side and remains unsuspended on the left. The left
pleura is opened and the inferior left pericardium is widely incised to just above the phrenic nerve to allow the heart to
be displaced into the left chest during reimplantation, if necessary. Aortic cannulation may be done in the surgeon’s
standard fashion. Venous cannulation is done with 24-Fr venous cannulae. One is placed directly into the superior vena
cava and the second is placed into the inferior vena cava right atrial junction. The superior and inferior vena cava should
both be extensively mobilized prior to cannulation. Care must be taken to cannulate far enough from the right atrium
to leave sufficient cava above and below for reconstruction as this tissue tends to retract substantially on the noncardiac
side of the division. IVC  inferior vena cava; SVC  superior vena cava.
Cardiac autotransplantation 149Figure 2 If sufficient inferior vena cava is not available below the right atrium, we have used a 21-Fr percutaneous
femoral vein cannula for inferior drainage. This allows direct clamping of the inferior vena cava without a cannula
taking up space. IVC  inferior vena cava; v  vein.
150 S.H. Blackmon and M.J. ReardonFigure 3 Once cardiopulmonary bypass is established, the superior vena cava and inferior vena cava right atrial junction
are widely mobilized and surrounded by tourniquets. If the percutaneous femoral cannula has been used for inferior
drainage, then the inferior vena cava may be simply clamped with a vascular clamp. The interatrial groove is developed
to define the separation between the left and right atria. The ascending aorta is circumferentially mobilized as is the
main pulmonary artery. These maneuvers will simplify accurate cardiac excision after cross-clamp application. IVC
inferior vena cava; RLPV  right lower pulmonary vein; RPA  right pulmonary artery; RUPV  right upper
pulmonary vein; SVC  superior vena cava.
Cardiac autotransplantation 151Figure 4 The aortic cross-clamp is applied and 10 mL/kg antegrade cold blood K cardioplegia is administered to
achieve cardiac standstill. Retrograde cardioplegia is not used. The left atrium is incised to vent and decompress the
heart. The superior vena cava is divided just beyond the right atrium. The right atrial inferior vena cava junction is
divided next. With both of these maneuvers, care must be taken to leave adequate tissue on the caval side of the division
as this tissue tends to retract substantially and reconstruction will be difficult if it is cut too short. The aorta is then
divided about 1 cm distal to the sinotubular junction and the main pulmonary artery is divided just proximal to the
bifurcation. IVC  inferior vena cava; SVC  superior vena cava.
152 S.H. Blackmon and M.J. ReardonFigure 5 The left atrium is now divided beginning as a normal interatrial opening for mitral valve surgery. The incision
is then extended circumferentially around the remaining left atrium, passing midway between the left pulmonary veins
posteriorly and the left atrial appendage and mitral valve anteriorly. With this maneuver, the complete heart may be
removed from the chest and placed in a basin of ice slush.
Cardiac autotransplantation 153Figure 6 (A) We begin by examining the posterior left atrium remaining in the chest and removing any tumor.
Reconstruction of the posterior left atrium depends on the extent of resection necessary. (B) If only the area between the
pulmonary veins needs to be removed, then this is reconstructed and bovine pericardium using a running 4-0 Prolene
suture is used.
154 S.H. Blackmon and M.J. ReardonFigure 7 If there is minimal or
no pulmonary vein cuff re-
maining after complete resec-
tion, then the veins can be
brought through an appropri-
ate opening cut into the peri-
cardium and sutured with a
4-0 Prolene or in more extreme
circumstances the vein can be
replaced with a 10 mm Gore-
Tex interposition graft be-
tween the remaining vein
stump and an appropriate
opening cut into the bovine
pericardium.Figure 8 When the veins have been directly implanted into openings cut into the bovine pericardium, it is helpful to place
“darts” into the corners of the bovine pericardium to make the reconstructed posterior left atrium rounded rather than flat.
Cardiac autotransplantation 155Figure 9 Once the posterior left atrium is complete, attention is turned to the heart itself and any tumor remaining on
the anterior left atrium. For left ventricular tumors, there is no posterior left atrial work to be done and resection can
be completed through the mitral valve. In both intracavitary left ventricular sarcomas we have operated on, mitral valve
replacement was necessary due to tumor involvement of the papillary muscles. The entire anterior left atrium can be
safely resected leaving nothing but the mitral annulus, if necessary. Care must be taken to identify and avoid the
circumflex coronary artery in this resection and reconstruction. SVC  superior vena cava.
156 S.H. Blackmon and M.J. ReardonFigure 10 Mitral valve replacement is technically easy when necessary with the heart ex vivo. The resected anterior left
atrium can be reconstructed with bovine pericardium as necessary. When the entire anterior left atrium must be
removed, we have always needed to perform a mitral valve replacement also. We use tissue valves to avoid Coumadin
in these patients, who are likely to require other procedures and have a decreased life expectancy due to the aggressive
nature of this malignancy. When the entire anterior left atrium is removed along with the mitral valve, we reconstruct
this by centering a large patch of bovine pericardium over the mitral annulus and cutting an appropriate opening to
match the annular opening. We then place pledgetted 2-0 Ticron sutures with the pledgets on the left ventricular side
through the pericardium and then through the prosthetic mitral valve. When these sutures are completed and tied, the
bovine pericardium is sealed between the mitral annulus and the prosthetic valve and any excess pericardium can be
trimmed as necessary.
Cardiac autotransplantation 157Figure 11 After reconstruction of the anterior left atrium, we use a handheld cannula to directly inject cold blood K
cardioplegia into the left main and then the right main coronaries. This allows us to identify and suture any bleeding
sites from small coronary branches while easily accessible. a  artery; SVC  superior vena cava.
158 S.H. Blackmon and M.J. ReardonFigure 12 The heart is now transplanted back to its orthotopic position, beginning just above the left superior pulmo-
nary vein and extending first inferiorly toward the inferior vena cava and then superiorly along the roof of the left atrium
using a 48-inch 4-0 Prolene suture. Unlike in standard orthotopic cardiac transplantation where a smaller donor heart
is usually placed into the space left by the removal of the usually much larger damaged recipient heart, there is often
limited space in which to work. At this point, it is helpful to have widely opened the left pleura and inferior pericardium
to allow the heart to be displaced into the left chest as necessary while constructing the left atrial suture line. As this
suture line is completed, it is important to maintain the orientation of the superior vena cava and inferior vena cava
anastomosis sites. At the completion of this suture line, it is not tied but instead a left atrial stump is placed and sutures
held with a rubber-shod clamp.
Cardiac autotransplantation 159Figure 13 (A) We next suture the inferior vena cava right atrial junction and then the superior vena cava right atrial
junction with 5-0 Prolene sutures. (B) If either of these cannot be completed without undo tension, we have used
self-constructed bovine pericardial tubes, Dacron grafts, or Gore-Tex grafts as short interposition grafts without any
problems. IVC  inferior vena cava; SVC  superior vena cava.
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160 S.H. Blackmon and M.J. Reardononclusions
ardiac sarcoma is a rare disease with an often dismal prog-
osis. Treated without surgical resection, the survival at 1
Figure 14 The pulmonary artery is now anastomosed
completion. The aorta is then anastomosed using a runn
left atrial vent is removed and the left atrial suture line i
performed and the pulmonary artery and aortic sutur
antegrade and the aortic cross-clamp is removed. Atrialear is about 10%.13 The role of chemotherapy and radiation cherapy as primary treatment remains both unsettled and
nproven. The only treatment modality shown to extend
urvival is complete surgical resection.12,14 Complete resec-
ion of left heart sarcoma, or large complex benign lesions, is
a running 4-0 Prolene suture that is not tied at its
0 Prolene suture. The caval stares are then released; the
Appropriate Valsalva and other deairing maneuvers are
are tied. Warm blood K cardioplegia is then given
ntricular pacing wires are placed.using
ing 4-omplicated by the posterior location of the left heart struc-
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Cardiac autotransplantation 161ures. Cardiac explantation, ex vivo tumor resection with
econstruction, and cardiac reimplantation—cardiac auto-
ransplantation—has proven a useful surgical technique in
ealing with this anatomic limitation. Our experience has
hown that excellent exposure is obtained and radical resec-
ion and reconstruction are facilitated by this approach. Ac-
eptable mortality and morbidity are possible in experienced
enters when only cardiac autotransplantation is needed. If
xtensive pulmonary involvement would require an addi-
ional pneumonectomy for complete tumor resection, we
ave found the surgical mortality to exceed 50%; surgery
hould be avoided under these circumstances.
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